Abstract Resistance of breast cancers to targeted hormone receptor (HR) or human epidermal growth factor receptor 2 (HER2) inhibitors often occurs through dysregulation of the phosphoinositide 3-kinase, protein kinase B/AKT/mammalian target of rapamycin (PI3K/AKT/mTOR) pathway. Presently, no targeted therapies exist for breast cancers lacking HR and HER2 overexpression, many of which also exhibit PI3K/AKT/mTOR hyper-activation. Resistance of breast cancers to current therapeutics also results, in part, from aberrant epigenetic modifications including protein acetylation regulated by histone deacetylases (HDACs). We show that the investigational drug MLN0128, which inhibits both complexes of mTOR (mTORC1 and mTORC2), and the hydroxamic acid pan-HDAC inhibitor TSA synergistically inhibit the viability of a phenotypically diverse panel of five breast cancer cell lines (HR-/?, HER2-/?). The combination of MLN0128 and TSA induces apoptosis in most breast cancer cell lines tested, but not in the non-malignant MCF-10A mammary epithelial cells. In parallel, the MLN0128/TSA combination reduces phosphorylation of AKT at S473 more than single agents alone and more so in the 5 malignant breast cancer cell lines than in the nonmalignant mammary epithelial cells. Examining polysome profiles from one of the most sensitive breast cancer cell lines (SKBR3), we demonstrate that this MLN0128/TSA treatment combination synergistically impairs polysome assembly in conjunction with enhanced inhibition of 4eBP1 phosphorylation at S65. Taken together, these data indicate that the synergistic growth inhibiting consequence of combining a mTORC1/C2 inhibitor like MLN0128 with a pan-HDAC inhibitor like TSA results from their mechanistic convergence onto the PI3K/AKT/mTOR pathway, profoundly inhibiting both AKT S473 and 4eBP1 S65 phosphorylation, reducing polysome formation and cancer cell viability.
phosphoinositide 3-kinase, protein kinase B/AKT/mammalian target of rapamycin (PI3K/AKT/mTOR) pathway [1] [2] [3] [4] .
The PI3K/AKT/mTOR pathway is dysregulated in breast cancers regardless of ER/PR and HER2 status. This can occur through activating mutations in PIK3CA, which codes for the catalytic subunit of PI3K, or through loss of PTEN, a phosphatase that removes phosphate groups from phosphoinositide-3, negatively regulating PI3K. The PI3K/ AKT/mTOR pathway promotes proliferation partly by promoting phosphorylation of the small (40S) ribosomal subunit protein S6 (S6) and the eukaryotic initiation factor 4e binding protein 1 (4eBP1), increasing polysome formation and translation of transcripts regulating tumor cell survival [5] [6] [7] [8] .
Rapalogs are first generation mTOR inhibitors. They allosterically inhibit the target of rapamycin complex 1 (mTORC1), one of two complexes formed by mTOR. The rapalog, everolimus (RAD001, Novartis), is FDA approved in combination with aromatase inhibitors for patients with ER/PR? breast cancers unresponsive to first line aromatase inhibitors [9, 10] . However, many patients do not respond to this combination. Furthermore, in endocrine-treated patients, increased AKT phosphorylation at S473 in tumors is correlated with poor clinical outcome [11] . Since everolimus inhibits mTORC1 but not mTORC2, it paradoxically increases AKT phosphorylation by relieving a negative feedback loop that otherwise restricts PI3K signaling when S6K is activated [12] . Consistently, AKT S473 phosphorylation is increased in patients treated with everolimus [13] .
Next generation mTOR-targeting drugs are ATP-competitive inhibitors, which target both mTORC1 and mTORC2. An example is MLN0128 (formerly INK128), which increases survival in mouse models of BCR-ABLdriven B cell acute lymphoblastic leukemia and MYCdriven Burkitt's lymphoma and prevents the translation of mRNA's coding for pro-invasive genes in prostate cancer cells [8, 14, 15] . MLN0128 reduces the size of HER2-transfected MCF7 (ER/PR?, HER2?) xenografts [16] , illustrating its potential against breast cancer. MLN0128 is completing phase I clinical trials against breast (HER2-, HER2?) and other epithelial cancers (NCT01058707, NCT01351350).
Furthermore, epigenetic alterations, including dysregulated protein acetylation, affect gene expression and signaling pathways. These alterations contribute to tumorigenesis and drug resistance [17] . Histone deacetylases (HDACs) remove acetyl groups from histone and non-histone proteins, increasing expression of p21 and other tumor suppressors [18] . Classic HDACs are grouped into classes I and II [19] . Pan-HDAC inhibitors, which inhibit both classes, show preclinical and clinical efficacy against breast cancers. For example, the pan-HDAC inhibitor panobinostat (LBH589, Novartis) reduces proliferation and survival of triple negative breast cancer cells, and is in phase II clinical trials against breast cancer [20] . Furthermore, trichostatin A (TSA), another pan-HDAC inhibitor, reduces proliferation of breast cancer cells of various subtypes (ER/PR-/?, HER2-/?) with IC 50 's in the nanomolar range; TSA also reduces the growth of mutagen-induced mammary tumors in rats [21, 22] . In addition to epigenetic mechanisms, our lab has shown that HDAC inhibition reduces cancer cell proliferation at the post-translational level by promoting the decay of oncogenic transcripts, such as HER2 mRNA [23, 24] .
Previous studies suggest that combining mTOR and HDAC inhibitors may be more effective than single agents at growth inhibition of specific malignant cell lines. Examples of effective combinations include everolimus with panobinostat against prostate cancer cells [25] , everolimus with the class I HDAC inhibitor valproic acid against prostate cancer and Burkitt's lymphoma cells [26, 27] , and everolimus with the pan-HDAC inhibitor entinostat (MS-275, Syndax) against acute myelogenous leukemia cells [28] . In other models, ATP-competitive mTOR inhibitors and dual PI3K/mTOR inhibitors demonstrate efficacy in combination with HDAC inhibitors. The dual pan-PI3K/mTORC1/2 inhibitors BEZ235 and BGT226 (Novartis), in combination with panobinostat, inhibit viability of head and neck squamous carcinoma cells to a greater extent than each drug alone. This reduced cell viability is accompanied by a reduction in AKT S473 phosphorylation [29] . Combining the mTORC1/2 inhibitor PP242 and the pan-HDAC inhibitor vorinostat (SAHA, Merck) reduces hepatocellular carcinoma cell viability at concentrations where the single drugs have no effect. Introduction of constitutively active AKT reverses this benefit [30] .
Although mTOR and HDAC inhibitors, individually, show activity against some breast cancers, and their combination appears to yield added growth inhibiting effects against selected cell line models, preclinical investigation of this therapeutic combination against various subtypes of breast cancer has yet to be reported. In this study, we demonstrate that combining MLN0128 and TSA synergistically inhibits the viability of a panel of phenotypically diverse breast cancer cell lines (ER/PR-/?, HER2-/?), without similarly affecting a non-malignant mammary epithelial cell line. This synergistic interaction in breast cancer cells is associated with decreased AKT S473 and 4eBP1 S65 phosphorylation and impaired polysome assembly.
Materials and methods
Cell culture SKBR3 cells (American Type Culture Collection (ATCC), Manassas, VA) were cultured in McCoy's medium with 10 % Fetal Bovine Serum (FBS). MDA-MB-231 cells were cultured in DMEM with 10 % FBS. MCF7/NEO3 (stably transfected with an empty control vector, herein referred to as MCF7) and MCF7/HER2-18 cells, stably overexpressing HER2 [31] , were grown in DMEM with 10 % FBS and 1 % insulin. BT-474 cells (ATCC) were grown in RPMI 1640 with 10 % FBS. Non-malignant MCF-10A cells (ATCC) were grown in 50 % DMEM and 50 % Ham's F12 media with 5 % horse serum, 2 mM L-glutamine, 0.02 mM non-essential amino acids, 10 ng/ml EGF, 0.5 lg/ml hydrocortisone, 0.1 lg/ml cholera toxin, and 10 lg/ml insulin. 
Cell viability assay
Cells were plated at *10 % confluency in 96 well plates and treated as indicated the next day. Viability was quantified via CellTiter-Glo (Promega, Madison, WI) per manufacturer's protocol. Luminescence determined with a Fluoroskan Ascent FL luminometer (Thermo Scientific, Rockford, IL). IC 50 values were calculated using GraphPad Prism (La Jolla, CA). Combination indices (CI) were determined using Calcusyn (Biosoft, Great Shelford Cambridge, UK).
Immunoblots
Cells were plated at *35 % confluency for apoptosis analysis or *50 % confluency for signaling analysis. Following treatments, cells were washed with Dulbecco's phosphate-buffered saline (PBS) and harvested in RIPA buffer (50 mM Tris-CL (pH 8.0), 150 mM NaCl, 1 % triton X-100, 0.5 % sodium deoxycholate, 0.1 % SDS) containing complete Mini EDTA-free Protease Inhibitor Cocktail tablets (Roche, Indianapolis, IN) and PhosSTOP Phosphatase Inhibitor Cocktail tablets (Roche). Lysates were cleared by centrifugation.
The Bradford Coomassie Assay (BCA) kit (Pierce, Rockford, IL) was used to determine protein concentrations. Equal amounts of protein were diluted in 29 Laemmli sample buffer. Immunoblots were performed as previously described [32] . The following antibodies were used: PARP, b-tubulin, pS6 S240/244, S6, p4eBp1 S65, 4eBp1, pAKT-S473, and AKT (Cell Signaling, Danvers, MA).
Microscopy and Annexin V analysis
Cells were plated on 8-well chamber slides at 30 % confluency and treated the next day. One day later, Annexin V and propidium iodide (PI) were stained using the Dead Cell Apoptosis Kit with Annexin V Alexa Fluor Ò 488 & PI from Life Technologies (Grand Island, NY) per manufacturer's protocol. Cells were fixed with a 1:1 mixture of 8 % PFA in PBS and 29Annexin binding buffer (Life Technologies) and visualized by bright-field and epifluorescence microscopy.
Flow cytometry and cell cycle analysis
Cells were plated on 10 cm plates at 20 % confluency and treated as indicated. Adherent cells were trypsinized, washed three times with PBS, and fixed with 70 % ethanol at 4°C overnight. Cells were then washed with PBS three times, resuspended in 100 ll ribonuclease (100 lg/ml) for 5 min, then stained with 400 ll PI (50 lg/ml). Cell cycle analysis was performed using a BD FACSAriaII with BD FACSDiva software (BD Biosciences, San Jose, CA) collecting a minimum of 15,000 events per sample. Flowjo (TreeStar inc, Ashland, OR) was used to analyze data. Debris were eliminated using forward/side scatter criteria, while doublets were excluded using PE-W versus PE-A criteria.
Polysome profiling SKBR3 cells were plated at *50 % confluency and drugtreated for 24 h. Fifteen minutes before lysis, cells were treated with 50 lg/ml cycloheximide (Sigma). Cells were washed with PBS, and harvested with lysis buffer (10 mM HEPES, 10 mM KCl, 75 mM NaCl, 10 mM MgCl 2 , 0.35 % NP40, pH 7.9 with 0.1 M sodium orthovanadate, complete Mini, EDTA-free Protease Inhibitor Cocktail and PhosSTOP Phosphatase Inhibitor Cocktail tablets (Roche), 50 lg/ml cyclohexamide, the SUPERase RNAse inhibitor (Life Technologies)). Lysates were dounced and cleared by centrifugation. Polysome profiles were performed as previously described [33] .
Results

MLN0128 and TSA inhibit the proliferation of breast cancer cells more than non-malignant mammary epithelial cells
To access effects combined mTORC1/2/pan-HDAC inhibition on breast cancer cell viability, CellTiter-Glo assays were performed on a panel that included ER/PR negative/ positive and HER2 negative/positive cell lines. SKBR3, MDA-MB-231, MCF7, and MCF7/HER2-18 cells were the most sensitive to the single agent MLN0128 treatment, with IC 50 values ranging from 4.36 to 18.6 nM ( Fig. 1a-d Table 1 ). There was no correlation between the ER, PR, HER2, PIK3CA, or PTEN status and MLN0128 sensitivity (Table 1) . SKBR3, MCF7, and MCF7/HER2-18 cells were more sensitive to MLN0128 than to RAD001 or the pan-PI3K inhibitor, GDC0941 ( Supplementary  Fig. S1 ).
SKBR3 and MCF7 cells were the most sensitive to TSA with IC 50 values of 30.9 and 60.3 nM, respectively ( Fig. 1a, c ; Table 1 ). MDA-MB-231 and BT-474, with IC 50 values of 93.3 and 93.9 nM, respectively, were slightly less sensitive to TSA (Fig. 1b, e 1.4 MLN0128  0nm  1nm  5nm  25nm  0nm  1nm  5nm  25nm  0nm  1nm  5nm  25nm  0nm  1nm  5nm  25nm   TSA  0nm  25nm  50nm In all cell lines tested, the MLN0128/TSA combination inhibited viability more than single agents (Fig. 1) . MCF-10A mammary epithelial cells were less affected by the combined MLN0128/TSA treatment than all breast cancer cell lines tested; dual treatment of non-malignant MCF-10A cells with 25 nM of MLN0128 and 100 nM of TSA reduced viability by about 60 %, whereas viability was reduced by [80 % in all breast cancer cell lines tested (Fig. 1 ).
MLN0128 and TSA synergistically inhibit breast cancer cell proliferation CI's were calculated to determine whether the combination of MLN0128 and TSA is synergistic, additive, or antagonistic. A CI *1 represents additivity, while \1 represents synergy and [1 represents antagonism. Synergism resulted from almost all of the doses tested in SKBR3, MCF7, MCF7/HER-18, and BT474 cells. In MDA-MB-231 cells, antagonism resulted with 5 nM MLN0128 and 50 nM TSA. However, with 25 nM MLN0128 and 100 nM TSA strong synergy resulted (Table 2) . Non-transformed MCF-10A was not sensitive enough to either drug for CalcuSyn to determine a CI, since the algorithm requires growth inhibiting doses of each drug alone that cause a similar effect as the dual treatment. Furthermore, the clinically relevant pan-HDAC inhibitor SAHA/Vorinostat (IC 50 = 2,512 nM) proved less potent than TSA as a single agent, but in combination with MLN0128, synergistically reduced MCF7 viability to a slightly greater degree than TSA (Supplementary Fig. S2 ). and sub-G1 analysis were performed. In SKBR3 cells, single treatments increased cleaved PARP. Cleaved PARP levels were further increased by the dual MLN0128/TSA treatment (Fig. 2a) . Dual treatment also induced PARP cleavage in MCF7 cells, although single treatments had no obvious effect (Fig. 2b) . In contrast, neither single nor dual MLN0128/TSA treatments induced PARP cleavage in MDA-MB-231 cells (Fig. 2c) . MDA-MB-231 cells also showed less PARP cleavage when treated with the Adriamycin (0.5 lg/ml) positive apoptosis control than MCF7 cells (two right-most lanes Fig. 2c) , indicating that MDA-MB-231 cells are generally more resistant to drug-induced apoptosis. Neither MLN0128 nor TSA increased PARP cleavage in MCF-10A cells despite induction of PARP cleavage by Adriamycin (Fig. 2d) . Consistent with PARP cleavage, 24 h combination MLN0128/TSA treatment increased Annexin V staining of MCF7 cells ( Fig. 2e ; Supplementary Fig. S3 ). Single TSA treatment increased Annexin V in MCF7 cells, albeit to a lesser extent than the dual MLN0128/TSA treatment, even though PARP cleavage was not detected in MCF7 cells given the single dose TSA treatment, suggesting more sensitive apoptosis detection by Annexin V. Furthermore, cell cycle analysis revealed that, after 48 h of treatment, single MLN0128 or TSA treatments increased the percentage of cells in sub-G1 (indicative of apoptotic cells) to 12.4 and 11.9 %, respectively (compared to 5.6 % in the control) (Fig. 2f) . Dual MLN0128/TSA treatment further increased the percentage of cells in sub-G1 to 18.6 %. The MLN0128/TSA combination also increased the percentage of cells in G1 and decreased the percentage of cells in S and G2 compared to the control, indicating that G1 arrest contributes to the loss of viable cell growth following this therapeutic combination. In summary, effects of the dual MLN0128/TSA treatment on apoptosis induction in SKBR3, MCF7, MDA-MB-213, and MCF-10A cells correlated with the degree to which this treatment combination reduced cell viability ( Fig. 1) , with SKBR3 showing the greatest sensitivity and the non-malignant MCF-10As showing the least sensitivity to the MLN0128/TSA combination. To elucidate signaling pathway inhibition by the MLN0128/TSA combination, PI3K/AKT/mTOR pathway events were examined 8 h after drug treatment. As expected, MLN0128, alone or in combination with TSA, reduced phosphorylation of AKT S473, S6 S240/244, and 4eBP1 S65 (Fig. 3) . TSA treatment alone did not affect S6 S204/244 or 4eBP1 S65 phosphorylation at doses/time points tested, except for reduced 4eBP1 S65 phosphorylation by TSA treatment in SKBR3 (Fig. 3a) . TSA did not enhance the effect of MLN0128 on S6 S204/244 phosphorylation in any of the cell lines tested (Fig. 3) . However, the MLN0128/TSA combination reduced 4eBP1 S65 phosphorylation in SKBR3, MDA-MB-231, and MCF7/ HER2-18 cells relative to single treatments (Fig. 3a, b, d ). TSA to MLN0128 further reduced AKT S473 phosphorylation in all cell lines tested, even in BT-474 cells where single agent TSA had no effect (Fig. 3) . Interestingly, AKT S473 phosphorylation was inhibited less by the highest doses of MLN0128 (25 nM) and TSA (100 nM) in MCF-10A than in any of the breast cancer cell lines (second rightmost lanes of Fig. 3f vs. a-e) . In contrast to reduced AKT S473 phosphorylation in SKBR3 cells, MLN0128 increased AKT T308 phosphorylation. TSA alone did not affect AKT T308 phosphorylation, but adding it to MLN0128 abrogated MLN0128-induced increase in AKT T308 phosphorylation (Supplementary Fig. S4 ).
The reduction of AKT phosphorylation by MLN0128 and TSA is accompanied by reduced 4eBP1 phosphorylation and impaired polysome formation
Since dual MLN0128/TSA treatment reduced AKT phosphorylation to a greater extent than single agents at the 8 h time point (Fig. 3a) , we asked if extended treatment TSA  50nM MLN0128  500nM TSA  40S  80S  60S  polysomes  40S  80S  60S  polysomes  40S  80S  60S  polysomes  40S  80S  60S Fig. 4 The reduction of AKT phosphorylation by MLN0128 and TSA is accompanied by reduced 4eBP1 phosphorylation and impaired polysome formation: a SKBR3 cells were treated with 50 nM of MLN0128 and/or 500 nM of TSA for 24 h in single agent and in combination treatment. Whole cell lysates were collected and western blots were performed with the indicated antibodies. Ratios of phosphorylated to total protein were quantified using ImageJ. b Polysome profiling was performed from the same set of samples that were treated in (a). c SKBR3 cells were treated with 500 nM of MLN0128 or GDC0941 for 24 h. Whole cell lysates were collected and western blots and quantification were performed as in (a). d Polysome profiles were performed from samples treated in part (c) sustains AKT phosphorylation inhibition. In SKBR3 cells, 24 h of single 50 nM MLN0128 or 500 nM TSA treatment reduced AKT S473 phosphorylation to 65 and 77 % of control values, respectively. Dual MLN0128/TSA treatment further reduced AKT S473 phosphorylation to 49 % of the control (Fig. 4a) . A similar pattern was observed for 4eBP1 phosphorylation at S65, with MLN0128 having an even greater effect on this phosphorylation event than on AKT S473 phosphorylation. Since PI3K/AKT/mTOR pathway signaling regulates polysome formation [5, 6] , we asked if MLN0128 and/or TSA treatment affect polysome formation. We found that 24 h treatment with 50 nM MLN0128 or 500 nM TSA modestly reduced polysome formation, while combined treatment further reduced polysome formation (Fig. 4b) . We also determined if additional PI3K/AKT/mTOR pathway inhibitors that reduce AKT S473 phosphorylation can also impair polysome formation. The pan-PI3K inhibitor GDC0941, which has a higher IC 50 than MLN0128 against SKBR3, MCF7, and MCF7/HER2-18 cell viability ( Supplementary Fig. S1 ), reduced AKT S473 phosphorylation, albeit to a lesser extent than the same concentration of MLN0128 in SKBR3 (Fig. 4c) . GDC0941 also reduced 4eBP1 S65 phosphorylation to a lesser extent than its effect on AKT phosphorylation and consistently reduced polysome formation to a lesser extent than the same dose of MLN0128 (Fig. 4d) . These data suggest that modulation of AKT phosphorylation at S473 and 4eBP1 phosphorylation at S65 could be key mechanisms by which MLN0128, TSA, the combination of MLN0128 and TSA, or GDC0941 impair polysome assembly.
Discussion
We demonstrate synergy between the mTORC1/2 inhibitor, MLN0128, and a well-studied hydroxamic acid pan-HDAC inhibitor, TSA, in reducing viability of a phenotypically diverse panel of breast cancer cells (Tables 1, 2 ; Fig. 1 ). To our knowledge, this is the first study investigating any combination of mTOR and HDAC inhibitors in breast cancer cells, and the first to evaluate MLN0128 with an HDAC inhibitor in any cancer model. Against HER2? SKBR3 and ER? MCF7 cells, synergistic growth inhibition caused by the MLN0128/TSA combination was due to enhanced apoptosis as well as cell cycle arrest (Fig. 2) . In general, the degree to which dual MLN0128/ TSA treatment reduced viability correlated with the degree to which they underwent PARP cleavage, with SKBR3 being the most sensitive to the dual treatment and MDA-MB-231 being the least sensitive. However, for MDA-MB-231 and MCF-10A, the MLN0128/TSA combination did not induce PARP cleavage at the doses tested (Fig. 2) ; yet for MDA-MB-231 cells, those dual drug doses synergistically reduced cell viability (Table 2) , likely by arresting cell growth and proliferation. In contrast, non-malignant MCF-10A mammary epithelial cells not only failed to undergo apoptosis, but also proved most resistant to both drugs individually and in combination (Table 1 ; Fig. 1 ). This latter observation suggests that this combination therapy may produce enhanced anticancer effects with minimal host organ toxicity. Our finding that use of a TORC1/C2 inhibitor in combination with a pan-HDAC inhibitor reduces AKT phosphorylation at S473 (Figs. 3, 4) supports the rationale that this combination would be more effective than one using a TORC1 inhibiting rapalog like everolimus (RAD001), which paradoxically increases AKT S473 phosphorylation [9, 10] . This important mechanistic difference could especially benefit breast cancer patients with tumors with high pAKT levels, since elevated tumor AKT S473 phosphorylation is correlated with poor outcome [11] .
We provide new evidence that pan-HDAC inhibitors can potentially augment the anticancer activity of PI3K/AKT/ mTOR pathway inhibition by further reducing AKT activation (Figs. 3, 4a) . Previous studies suggest that the mechanism by which TSA inhibits AKT S473 phosphorylation involves preventing HDAC1 and HDAC6 from interacting with the phosphatase PP1, allowing PP1 to dephosphorylate on AKT S473 [34] . In that study, TSA was most potent in down-regulating AKT phosphorylation compared to the pan-HDAC inhibitors HDAC42 and SAHA, or the class I HDAC inhibitor MS-275 (entinostat) [34] . High HDAC inhibitor doses are also known to reduce total AKT protein levels through heat shock protein 90-mediated AKT destabilization [35] . The importance of modulating AKT phosphorylation by mTOR/HDAC inhibitors is further illustrated by a study showing that constitutively active AKT1 reduces the efficacy of PP242 (an mTORC1/C2 inhibitor) in combination with either SAHA or LBH589 against hepatocellular carcinoma cells [30] . We extend these earlier observations by showing that the combination of potent mTORC1/C1 and pan-HDAC inhibitors synergistically inhibit growth of five phenotypically diverse breast cancer cell lines while also reducing AKT S473 phosphorylation, emphasizing the potential role of AKT S473 phosphorylation as a companion biomarker of tumor responsiveness to this novel breast cancer combination treatment strategy.
We also introduce the novel observation that reducing AKT S473 and 4eBP1 S65 phosphorylation, whether by mTORC1/C2 (MLN0128), pan-HDAC (TSA), or pan-PI3K (GDC0941) inhibitors, is accompanied by impaired polysome formation (Figs. 4, 5) . Previous studies illustrate the value of understanding polysome function as a cancer drug mechanism of action. For example, mTOR signaling regulates prostate cancer invasiveness by increasing polysome association of mRNAs involved in invasion [8] . Furthermore, haploinsufficiency of the ribosomal protein RPL24 improves survival of mice bearing AKT-driven tumors by decreasing cap-dependent polysome-driven protein synthesis [36] . The decrease in breast cancer cell polysome formation caused by TSA represents the first such observation and raises the question of the mechanistic contribution of impaired polysome formation as part of the overall anticancer consequences of pan-HDAC inhibitor therapy.
In sum, our findings support a model whereby synergistic growth inhibition caused by combining mTORC1/C2 and pan-HDAC-inhibitors reflects a mechanistic convergence onto the PI3K/AKT/mTOR pathway, inhibiting AKT S473 phosphorylation to a greater extent than that caused by the individual drugs, decreasing 4eBP1 S65 phosphorylation and polysome formation (Fig. 5) . This novel therapeutic strategy warrants further preclinical and clinical evaluation. 
